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SPECIAL NOTES 


API publications necessarily address problems of a general nature. With respect to partic- 
ular circumstances, local, state, and federal laws and regulations should be reviewed. 

API is not undertaking to meet the duties of employers, manufacturers, or suppliers to 
warn and properly train and equip their employees, and others exposed, conceming health 
and safety risks and precautions, nor undertaking their obligations under local, state, or fed- 
eral laws. 

Information concerning safety and health risks and proper precautions with respect to par- 
ticular materials and conditions should be obtained from the employer, the manufacturer or 
supplier of that material, or the material safety data sheet. 

Nothing contained in any API publication is to be construed as granting any right, by 
implication or otherwise, for the manufacture, sale, or use of any method, apparatus, or prod- 
uct covered by letters patent. Neither should anything contained in the publication be con- 
strued as insuring anyone against liability for infringement of letters patent. 

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every 
five years. Sometimes a one-time extension of up to two years will be added to this review 
cycle. This publication will no longer be in effect five-years after its publication date as an 
operative API standard or, where an extension has been granted, upon republication. Status 
of the publication can be ascertained from the AP] Measurement Coordination Department 
~ {telephone (202) 682-8000]. A catalog of API publications and materials is published annu- 
ally and updated quarterly by API, 1220 L Street, N.W., Washington, D.C. 20005. 

This document was produced under API:standardization procedures that ensure appropri- 
ate notification and participation in the developmental process and is designated as an API 
standard. Questions concerning the interpretation of the content of this standard or com- 
ments and questions concerning the procedures under which this standard was developed 
should be directed in writing to the standardization manager, American Petroleum Institute, 
1220 L Street, N.W., Washington, D.C. 20005. Requests for permission to reproduce or 
translate all or any part of the material published herein should also be addressed to the gen- 
eral manager. 

API standards are published to facilitate the broad availability of proven, sound engineer- 
ing and operating practices. These standards are not intended to obviate the need for apply- 
ing sound engineering judgment regarding when and where these standards should be 
utilized. The formulation and publication of API standards is not intended in any way to 
inhibit anyone from using any other practices. 

Any manufacturer marking equipment or materials in conformance with the marking 
requirements of an API standard is solely responsible for complying with all the applicable 
requirements of that standard. API does not represent, warrant, or guarantee that such prod- 
ucts do in fact conform to the applicable API standard. 


All rights reserved. No part of this work may be reproduced, stored in a retrieval system, or 
transmitted by any means, electronic, mechanical, photocopying, recording, or otherwise, 
without prior written permission from the publisher. Contact the Publisher, 

API Publishing Services, 1220 L Street, N.W., Washington, D.C. 20005. 


Copyright ©2005 American Petroteum Institute 
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FOREWORD 


This standard has been developed to address the measurement of hydrocarbons using 
ultrasonic technology through the cooperative efforts of many individuals from industry 
under the sponsorship of the American Petroleum Institute. 

This standard is intended as a guide to the selection, operation, and maintenance of ultra- 
sonic meters, and to make the user is aware of the necessary requirements to accurately mea- 
sure liquid hydrocarbons using this new and evolving ultrasonic technology. 

API publications may be used by ariyone desiring to do so. Every effort has been made by 
the Institute to assure the accuracy and reliability of the data contained in them; however, the 
Institute makes no representation, warranty, or guarantee in connection with this publication 
and hereby expressly disclaims any liability or responsibility for loss or damage resulting, 
from its use or for the violation of any federal, state, or municipal regulation with which this 
publication may conflict. 

Suggested revisions are invited and should be submitted to the standardization manager, 
American Petroleum Institute, 1220 L Street, N.W., Washington, D.C. 20005. 
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SECTION 8—MEASUREMENT OF LIQUID HYDROCARBONS BY ULTRASONIC FLOW 
METERS USING TRANSIT TIME TECHNOLOGY 


1. Introduction 


This document describes methods for the installation and 
operation of Ultrasonic Flow Meters (UFMs) when they are 
used to measure liquid hydrocarbons. 

Ultrasonic meters are inferential meters that derive the liq- 
uid flow rate by measuring the transit times of high-frequency 
sound pulses. Transit times are measured from sound pulses 
traveling diagonally across the pipe, downstream with the 
flow and upstream against the liquid flow. The difference in 
these transit times is related to the average liquid flow veloc- 
ity along multiple acoustic paths, Numerical calculation tech- 
niques are then used to compute the average axial liquid flow 
velocity and the liquid volume flow rate at line conditions 
through the meter. 


2 Scope 


The scope of this document will define the application cri- 


teria for UFMs and address the appropriate considerations 
regarding the liquids to be measured. This document will 
address the installation, operation, and maintenance of UFMs 
in liquid hydrocarbon service. 


3 Field of Application 


The field of application of this standard is the dynamic 
measurement of liquid hydrocarbons. While this document is 
specifically written for custody transfer measurement, other 
acceptable applications may include allocation measurement, 
check meter measurement, and leak detection measurement. 
This document only pertains to spool type, two or more path 
ultrasonic flow meters with permanently affixed transducer 
assemblies. Recommendations contained herein are based on 
accurnulated data from the operation of these types of flow 
meters. 


4 Reference Publications 


The current editions of the following standards, codes, and 
specifications are cited in this document, or provide addi- 
tional information pertinent to UFM operation or calibration: 
API 
Manual of Petroleum Measurement Standards (MPMS) 

Chapter] “Vocabulary” 
Chapter4 “Proving Systems” 


Chapter5 “Metering” 
Chapter6 “Metering Systems” 
Chapter? “Temperature Determination” 
Chapter8 “Sampling” 
Chapter9 “Density” 
Chapter 11 “Physical Properties Data” 
Chapter 12 “Calculation of Petroleum Quantities” 
Chapter 13 “Statistical Aspects of Measuring and 
Sampling” 
Chapter 20 “Allocation Measurement” 
Chapter 21.2 “Flow Measurement Using Electronic 
a Metering Systems” 
ANSI!’ 
«,,MEC.5M = Measurement of Liquid Flow in Closed 
“ “2 Conduits Using Transit-Time Ultrasonic 
: Flowmeters 
"ASME2 
B314 Pipeline Transportation Systems for Liquid 
Hydrocarbons and Other Liquids 
B313 Process Piping 


5 Definitions, Abbreviations and Symbols 


5.1 acoustic path: The path that the acoustic signals fol- 
low as they propagate through the measurement section 
between the transducer elements. 


5.2 axial flow velocity: The component of liquid flow 
velocity at a point in the measurement section that is parallel 
to the measurement section’s axis and in the direction of the 
flow being measured. 


5.3 flow-conditioning element: A device for reducing 
swirl and velocity distortions. 


5.4 meter run: The section of piping which includes the 
upstream flow-conditioning section, the flow meter and the 
downstream flow section. 


5.6 pulse scaling factor: A coefficient entered in the 
UFM transmitter by the manufacturer or user, which defines 


lAmerican National Standards Institute, 25 West 43rd Street, 4 
Floor, New York, New York 10036. www.ansi.org 

2ASME international, 3 Park Avenue, New York, New York 10016- 
5990. www.asme.org 
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the relationship between a pulse output and a volumetric 
quantity. 

5.6 Signal Processing Unit (SPU): Electronics system, 
including power supplies, microcomputer, signal processing 
components and ultrasonic transducer excitation circuits, may 
be housed in one or more enclosures mounted locally or 
remote to the meter. 


5.7 transducer: A component that produces either acous- 
tic output in response to an electric stimulus and/or an electric 
output in response to an acoustic stimulus. 


5.8 transit time: Measurement of the time interval associ- 
ated with transmission and reception of an acoustic signal 
between transducers. 


5.9 UFM: Ultrasonic Flow Meter. 


6 Design Considerations 


The design of an Ultrasonic Flow Meter (UFM) run shall 
take into account the following considerations. 


6.1 The meter run design shall consider the maximum and 


minimum flow rates, temperatures and. pressures. Addition- 


ally, it shall consider the following physical properties; vis-: 


cosity, relative density, vapor pressure, and. corfosiveness. 


Meter Run 


Notes: 

1. Block valve—if required 

2, Differential pressure device —if required 
3. Strainer and/or air eliminator—if required 
4. Flow conditioning element 

5. Ultrasonic flow meter 

6. Straight pipe 

7. Pressure measurement device 


inimum 


Operating within the linear flow range of the UFM based on 
the specific application is desirable. 


6.2 Temperature devices, temperature test thermowells, 
pressure and density sensing devices shall be installed to 
accurately represent the actual metering conditions. Immedi- 
ately downstream of the meter run is the preferred location. 
(see Figure 1). 


6.3 Transit time UFMs typically do not require the use of 
strainers since they have no mechanical moving parts that 
could be adversely affected by debris. Strainers may be 
required to protect associated equipment, including meter 
provers or pumps. 


6.4 If air or vapor is present in the flowing stream, elimina- 
tors shall be provided to minimize measurement error (see 
Figure 1). ' 


6.5. The metering system design shalt ensure that each 
meter is:liquid filled under all operating conditions. Place- 
ment of the meter(s) at high points in the system shall be 
avoided. UFMs may be installed in any position or plane. 
However, care shall be taken to ensure that the transducers are 
not located on the top or bottom of the pipe to minimize the 
effects of air or sediment. The meter’s installation orientation 


8. Temperature measurement device 

9. Temperature test well 

10. Positive shutoff double block-and-bleed valve 
11. Control valve—if required 

12. Check valve—if required 

13. Densitometer—if required 


Note: All sections of line that may be blocked between vaives shall have provisions for 
pressure relief (preferably not installed between the meter and prover). 


Figure 1—-Typical Schematic Diagram of Single UFM Installation 
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should be in accordance with the manufacturers’ recommen- 
dation. 


6.6 Steps shall be taken to minimize the amount of water in 
the fluid being measured. Depending on the flow regime, the 
acoustic properties of the oil, the water droplet size and distri- 
bution, and the amount of water, UFMs may become less 
accurate, Due to the number of possible variables, a 
specific % water limitation cannot be given. Consult the 
UFM Manufacturer for guidance on this limit. 


6.7 The design shall comply with all applicable regulations 
and codes. 


6.8 Meters shall be adequately protected from excessive 
pressure through the proper use of pressure relief devices. 
This kind of protection may require the installation of surge 
tanks, expansion chambers, pressure-limiting valves, pressure 
relief valves, and/or other protective devices. 


6.9 The operating pressure in the meter run shall be main- 
tained sufficiently above vapor pressure. 

The following equation may be used to calculate the mini- 
mum backpressure, 

Consult the meter manufacturer for maximum. pressure 
drop to determine the total backpressure required in Eq. 1. 


Pb>2Ap+125p, — 
Pb = minimum backpresstire, pounds per square in. 
gugePSIG, 
Ap = pressure drop across the meter, 


tt 


Pe = equilibrium vapor pressure, pounds per square 


in. absolute (PSIA). 


7 Bi-directional Flow 


7.1 If the meter is utilized in bi-directional flow, an 
upstream flow-conditioning section shall be installed on both 
inlets of the meter. 


7.2 If the meter is used to measure bi-directional flow, re- 


calibration and a meter factor shal! be required for each direc- 
tion. 


7.3 If a meter is utilized more often in one flow direction 
than the other, temperature, pressure and/or density instru- 
mentation shall be located downstream of the meter run rela- 
tive to this direction. 


8 Selecting a Meter and Accessory 
Equipment 
Consideration shail be given to the following items: 


8.1 The class and type of piping connections and materials 
and the dimensions of the equipment to be used. 


8.2 The space required for the installation of the metering 
and proving system. 


8.3 The acceptable pressure Joss through the meter run. 


8.4 Metallurgy, elastomers, coatings and other components 
are compatible with the process fluid. 


8.5 The effects of erosive and or corrosive contaminants on 
the meter and the quantity and size of foreign matter, includ- 
ing abrasive particles, which may be carried in the liquid 
stream. 


8.6 The maximum viscosity of the liquids to be measured. 


8.7 The maximum and minimum ambient and process tem- 
peratures. 


8.8 Possible depositions of wax. 
8.9 The type of prover and method of proving. 
8.10 Maintenance methods, costs, and spare parts that are 


needed, 


8.11. Requirements and suitability for security sealing, 
auditing, and/or reporting. 


B12 Interface requirements with other electronic devices. 


8.13 Power requirements to insure continuous operation. 


9 Installation 


Applicable industry standards shall be followed when 
installing the meter run components. 


9.1 FLOW CONDITIONING 


Flow-conditioning elements intended to reduce swirl or 
velocity profile distortion may be required. The design shall 
ensure appropriate flow conditioning upstream and down- 
stream of the meter. Straight pipe lengths of 10 pipe diame- 
ters with a flow conditioner (or 20 or more pipe diameters 
without a flow conditioner), upstream of the meter and 5 
pipe diameters downstream of the meter may provide effec- 
tive conditioning, unless the meter manufacturer’s recom- 
mendations or flow research support different lengths (see 
Figure 1). 

The inside diameter of the meter run piping shall be the 
same as the meter. Welds shall be internally ground smooth 
and all gaskets shall be installed to not protrude into the pipe. 
Doweling to ensure proper alignment is recommended. 

' The effects of different piping configurations or flow-con- 
ditioning elements on the flow-conditioning installation 
requirements has not been fully evaluated, therefore, consult 
the manufacturer for design considerations. 
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The repeatability of the proving results, as well as the 
derived meter factor, may. be affected by the flow-condition- 
ing design, including the type and location of the fiow-condi- 
tioning elements. For example, in cases where the meter 
cannot be proved immediately after meter run servicing, the 
original rotational position of the flow-conditioning element 
shall be maintained, since experience has shown this can 
affect meter performance (i.e., meter factor). 


9.2 VALVES 


Valves require special consideration since their location 
and performance can affect measurement accuracy. 


92.1 The preferred location of the flow or pressure-control 
valves shall be downstream of the meter run and prover take- 
off valves, and be capable’ of smooth operation to prevent 
shocks and surges. 


9.2.2 Valves, particularly those between the meter and 


prover (for example, the stream diversion valves, drains, and. 
vents) require leak proof shutoff, which may be provided by a 


double block-and-bleed valve with telltale bleed: 


9.3 PIPING INSTALLATION 


Applicable industry standards shall be: followed when 
installing the meter run components.. The meter run must 
have a pressure rating adequate for the service and the piping 
system in which it is installed. Consider the maximum and 
minimum pressure limits for the meter run and ensure that the 
operating pressures and pressures experienced during abnor- 
mal operating conditions, such as flow stoppages and mainte- 
nance, fall within these limits. Codes or standards (e.g, DOT 
Part 195, Subpart E, Sections 195.300 through 195.310 and 
ASME B31.3 and B31.4) provide design guidelines and may 
specify the operating pressure ranges. Commonly, the 
hydrotest pressure is also specified. 


94 ELECTRONICS 


The UFMs electronics system, including power supplies, 
microcomputer, signal processing components and ultrasonic 
transducer excitation circuits, may be housed in one or more 
enclosures mounted locally or remote to the meter and is 
referred to as the Signal Processing Unit (SPU). It shall be 
designed and installed to meet the applicable hazardous area 
classifications. The SPU shall operate over its entire specified 
environmental conditions within the meter performance 
requirements. 


9.5 ELECTRICAL 


9.5.1 The electrical systems shall be designed and installed 
to meet the applicable hazardous area classifications. 


9.5.2 The electrical signal system shall be designed to pro- 
vide appropriate fidelity and security. 


9.5.3 UFMs and their interconnecting cables are all suscep- 
tible to Electromagnetic Interference (EMI). Since the electri- 
cal signals of the UFMs are at relatively low power levels, 
care must be taken to avoid interference generated from 
nearby electrical equipment and wiring. UFMs employ vari- 
ous materials and methods to provide shielding against EMI. 
Cable jackets, rubber, plastic and other exposed parts shall be 
resistant to ultraviolet light, flames, oil and grease. 


9.5.4 Poorly designed cathodic protection and grounding 
systems can be sources of potential interference with the 
UFM signaling. 

9.5.5 An un-interruptible regulated power supply (UPS) 
shall be required for continuous meter operation. 


10. - Meter Performance 


10.1: Meter factor shall be determined by proving the meter 
at stable operating conditions (ie., essentially constant: flow 
tate, density, viscosity, temperature, and pressure). Chapter 
4.8, “Operation of Proving Systems” may provide guidance 
in this area. Users typically determine the acceptable devia- 
tion limits of these operating conditions, 


10.2 Proving is primarily a function of regulatory and con- 
tractual requirements. Proving conditions shall be as close to 
the actual metering conditions as practical. The essential pur- 
pose of proving is to confirm the meter’s performance at nor- 
mal operating conditions. Questions often arise concerning 
the differences between proving or calibrating a meter in a 
laboratory (bench) versus in-situ (field). These two proving 
locations can produce different results and cannot necessarily 
be interchanged without introducing measurement error. 


10.2.1 In-situ proving is normally preferred because it ver- 
ifies the meter’s accuracy under actual operating conditions. 
Operating conditions can affect a meter’s accuracy and 
repeatability. In-situ proving at stable operating conditions 
compensates for variations in performance caused by flow 
Tate, viscosity, density, temperature, pressure, as well as flow 
conditions, piping configurations, and contaminants. 


10.2.2 Laboratory proving is normally not preferred 
because laboratory conditions may not duplicate the operat- 
ing conditions. While there are more measurement uncertain- 
ties associated with laboratory proving, under certain 
conditions, it may provide the best alternative. 


11 Proving Accuracy and Repeatability 


11.1 Proving accuracy can be affected by the delayed man- 
ufactured flow pulses from a UFM. These delayed manufac- 
tured flow pulses can lead to a bias error in the calculated 
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meter factor depending upon the magnitude of the flow rate 
change that occurs during the proving run and the duration of 
the prove run. This potential problem is explained in detail in 
Appendix C. 

11.2 Proving run repeatability is used as an indication of 
whether the proving results are valid. 

41.2.1 Some UFMs may produce a non-uniform pulse out- 
put, which can exhibit a wide span of repeatability when 
proved. See Appendix B for detailed explanation. 

11.2.2 It should be noted that proving run repeatability 
might not fall within the typical 5 run 0.05% span of repeat- 
ability. However proving runs shall repeat within the guide- 
lines of APIA{PMS Ch. 4.8. 


12 Operation and Maintenance 


12.1 SYSTEM SETUP 


The configuration parameters and settings for the UFM 
used in a metering system shall be verified against the manu- 
facturer’s documentation for that specific flow meter before 
the flow meter is put into service. 


12.2 HARDWARE 


The SPU and meter body, dependent upon the manufac: 


turer, may require matching. a 
12.3 OPERATION OF METERING SYSTEMS 

UFMs shall be operated within the maimfacturers” speci- 
fied flow range and operating conditions. . 
12.4 SETTING THE UFM RESPONSE TIME 


To minimize meter factor bias errors that can be introduced 
during proving, it is important that the flow pulse from the 
SPU, respond as quickly as possible to changes in flowrate. 
The SPU may provide configuration settings that can be used 
to adjust the UFMs responsiveness to changes in flowrate. 
These configuration settings vary between manufacturers, but 
typically fall into three categories: 

a. Sample interval—the time period between ultrasonic flow 
rate samples. 

b. Number of samples—the number of ultrasonic samples 
processed for each flow measurement update. 

c. Pulse output adjustment—amount of damping or filtering 
of the flow measurements that produce the pulse output signal 


Note: Not all manufacturers provide items a, b, and c. 


It is recommended that item a and/or item b above be set to 
the minimum recommended by the manufacturer. Item 
above should be set to zero or minimum, as recommended by 
the manufacturer. 

When changes are made that affect the UFM’s speed of 
tesponse to flowrate changes, i.¢., by modifying the sample 


rate, sample time period, pulse output filtering or damping, 
the UFM shall be re-proved. 


12.5 CHOOSING A PULSE SCALING FACTOR 


The UFM processor calculates a flow rate and determines 
an appropriate pulse output rate to represent that flow rate. 
The relationship between the pulse output rate and the flow 
rate is configurable in the UFM processor. A pulse scaling 
factor (relating pulses to volume measured) can be used to 
equate a certain pulse output frequency to a certain flow rate, 
or be used to define a certain number of pulses to be output by 
the UFM per measured volume. When configuring a pulse 
scaling factor, the pulse frequency output must not exceed 
90% of the maximum input frequency of the accessory equip- 
ment receiving the pulse signal. 


12.6 METHODS OF CONTROLLING CORRECTION 
FACTOR 


Meter proving is required to establish a factor to correct the 
UEFM performance under actual operating conditions. There 
are various methods of applying the correction factor to indi- 
cate the gross volume measured through the meter, 


12.6.1 The adjustment from indicated volume to gross 
volume could'be made using either the meter factor or the 


‘© Kefactor. 


“12.6.2 The required method is to apply a meter factor in 


the tertiary equipment to ensure compliance with API A/PMS 
Ch. 21.2 audit trail requirements. It is important that the 
method selected be used consistently. 


12.6.3 When the preferred method of correction is used, 
and the meter factor is changed after a Proving, the K-factor 
in the tertiary equipment and the pulse sealing factor in the 
UFM processor shail not be changed. 


12.6.4 If the K-factor in the tertiary equipment is changed, 
the meter factor must be set to one in the tertiary equipment. 
The pulse scaling factor in the UFM processor must remain 
as it was during the proving. 


12.6.5 Ifthe pulse scaling factor is changed the meter must 
be reproved. 


12.7, ZEROING THE METER 


Zeroing an UFM is a procedure that involves checking the 
output while the meter is blocked-in. Under these conditions, 
and if the output of the meter does not indicate zero flow, then 
the manufacturer's (re-} zeroing procedure shall be followed. 
Whenever the meter is re-zeroed it shall be reproved. 

Normally, a UFM does not require manual zeroing, How- 
ever changes or replacement of transducers, electronics or 
transducer cables shall require that the meter zero be checked 
and if necessary (re-) zeroing procedures shail be followed. In 
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any case, changes or replacement of transducers, electronics 
or transducer cables shall require the UFM to be reproved. 


13 Auditing and Reporting Requirements 


API MPMS Ch. 21.2 fully addresses the auditing and 
reporting requirements of a generic Electronic Liquid Mea- 
surement (ELM) system. The audit requirements of an ELM 
system using an UFM ate similar, except for the addition of 
specific configuration and setup parameters contained in the 
UFM processor which must be auditable and securable. 


13.1 UFM CONFIGURATION PARAMETERS AND 
SETTINGS 


The UFM manufacturer shall provide the ability to identify 
primary UFM components and verify the meter’s configura- 
tion parameters and settings that affect the flow meter’s out- 
put. A UFM shall allow an audit trail to be maintained of the 
Meter’s configuration parameters and settings affecting the 


meter’s output(s). 
13.2 ALARM, EVENT LOGS 


There are no special requirements for the alarm, event and 


error logs for ELM systems using ‘a. UFM other: than those 
specified in API MPMS Ch. 21.2, “Electronic Liquid Mea- 
surement.” 


14. Diagnostics 


Certain parameters can be monitored based on the specific 
application. The parameters below are typical of those that 
may be accessed via a serial data interface or other means. 


* self diagnostics 
* average axial flow velocity through the meter 
flow velocity for each acoustic path 
* velocity of sound along each acoustic path 
* average velocity of sound 
* variations in the transit time interval 
* spool temperature 
* fluid density 
* fluid viscosity 
¢ calculated Reynolds number 
* percentage of accepted measurements for each acoustic 
path 
¢ status and measurement quality indicators 
* alarm and failure indicators 
Comparing lab determined diagnostic parameters to the 
same patameters when installed in the field may help identify 
field installation effects or other parameter changes. It is also 
recommended to compare these parameters periodically dur- 


..., ing meter operations, 


15 UFM Security and Access 


Configuration parameters and settings must be secured 
against tampering or unauthorized or un-documented 
changes. This may be achieved by using passwords and/or 
tamper proof seals or locks. (See API MMPMS Ch. 21.2.) 
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Ultrasonic transit time flow meters use acoustic transduc- 
ers that can send and receive high frequency acoustic pulses. 
The acoustic transducers are located in such a way that the 
generated acoustic pulses will travel diagonally across the 
pipe. Transit time methods rely on the measurement of time 
intervals associated with transmission of acoustic . pulse 
across the pipe in opposing directions. This methodology is 
not synonymous with the Doppler ultrasonic technique that 
relies on the measurement of Hequency shift in reflected 
acoustic energy. 

The measurement is based on the fact that the acoustic 
pulse that travels diagonally across the pipe in the direction of 
flow (downstream) will take less time to cross than the one 
travelling in the opposite (upstream) direction under flowing 
conditions, The time difference between the two acoustic 
pulses is proportional to the average flow velocity along the 
acoustic path. 

The acoustic pulse that travels in the direction of flow 
(downstream) crosses the pipe in time: 


a 
e+Vcos0 


ty >B 


The acoustic pulse that travels against the direction of flow 
(upstream) crosses the pipe in time: 


De 


54 = 
c~Veos6 


where 
L = acoustic path length, 
¢ = velocity of sound in liquid, 
© = angle the acoustic path makes with the pipe axis, 
Y = average axial velocity in the pipe. 
The average velocity is therefore determined by the fol- 
lowing: 


P= by ean tans 
2c0s® tyeXter4 


Multiple acoustic transducers can be used to create multi- 
ple acoustic paths (beams) over the cross-section of the pipe 
in order to obtain more information about the flow velocity 
distribution (flow profile). 


" Typical Sequence of Operations 


‘L: Emission: The UFM processor sends an electrical sig- 
“nial to the transducers (piezo electric crystal) that causes 
the crystal to generate an acoustic pulse into the fluid. 


2. Reception: The acoustic pulse crosses the pipe and 
contacts an opposing transducer (piezo electric crystal) 
that vibrates in response to the acoustic pulse, thereby 
generating an electrical output signal. 


3. Conversion: The receiver circuit(s) in the UFM pro- 


cessor accepts these electrical signals for further 
processing. 


Figure A-1—UFM Transit Time Method 


Transducer 


Figure A-2—UFM Main Components 
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4, Signal treatment: ‘According to the manufacturer's 


algorithm, the UFM processor treats this data to obtain 
_ the L4pg and the fp, values. 


5. Transit time method: The UFM processor uses the 
difference between 4.» and tg», to calculate the aver- 
age fluid velocity along the paths, commonly using the 
transit time principle described here above. 

6. Volumetric flowrate calculation: Depending on the 
number of paths, their geometry, and the manufacturer’s 


algorithm, the UFM processor uses the average velocity 
values to determine the volumetric flowrate. 


7. Output refresh: The UFM processor repeats the fluid 
velocity measurement and produces various kinds of 
output that represent the measured volumetric flow rate 


and other measured or inferred values. Typically, these 


outputs are subject to programmable scaling, averaging 
and smoothing functions, as may be desirable to the user. 


Solid particles, gas bubbles or water droplets may disturb 
the acoustic pulse traveling through the fluid across the 
pipe. Typical disturbances are refraction, reflection, attenua- 
tion, and distortion. In these cases, the measurement along 
this path could be rejected according to the manufacturer's 
algorithm. Usually, low numbers of rejected measures will 
not impact the flow meter’s accuracy. But above certain lev- 
els that are specific to each flow meter, the number of 
tejected measurements can have an impact on the flow 
meter accuracy, and in extreme cases can stop the meter’s 
operation. Alarms may inform the user on the status of 
rejected measurements. 
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The turbulent flow field in a pipe is complex and contains 
numerous turbulent eddies and non-axial velocity compo- 
nents. 

Turbine meters and other mechanical flow measurement 
devices integrate this field through mechanical convergence 
and are not particularly influenced by minor changes in flow 
stability. Fluid acceleration into the rotor combined with rotor 
mass produces mechanical integration of the flow field. With 
turbine meters for instance, the resulting meter output signal 
exhibits little in the way of scatter from these “instantaneous” 
flow effects because of the inherent inertia of the measure- 
ment element. Data scatter, or variation in repeatability, of 
turbine meters is usually attributable to either sustained 
changes in global flow or to non-linear mechanical and iner- 
tial forces that occur during proof runs. 

UFMs take snapshots of the fluid velocity along one or 
more sample paths. Each ultrasonic path is a line of sampling 
that produces time differentials and subsequent velocities as 


snap shots 1 in number to the sample frequency for the’ 
ip equal 


sample period. For example, at 60 Hz in one second, 60 flow 
rate measurements would be computed. 
Variations in velocity along each path are random as the 


turbulent eddies and variations in local flow that produce’: 


them are entirely random. Each sample will then; vary from 
the mean velocity for a given sample period and the family of 
samples will be evenly distributed about the mean. 

UFMs “see” not only the global axial velocity, but also all 
of the flow components, including the turbulent eddies result- 
ing from fluid drag and mixing in the pipe. 

Real time integration of the flow field, including both axial 
and non-axial components, results in a less well-behaved out- 
put and inherently more scatter. However, this scatter, 
because it is random, will be evenly distributed around the 
mean meter factor. 

Verifying the performance of a UFM is not unlike verify- 
ing mechanical systems. However, because UFMs employ 
sampling methodology, they produce a greater degree of data 
scatter due to their ability to measure minute variations in 
velocity. UFMs may produce wider repeatability ranges for 
existing provers designed in accordance with industry stan- 
dards than are typical for a mechanical device. Failure to be 
mindful of the evenly distributed nature of the data points 
about the mean meter factor will lead to errors in evaluation. 
A range exceeding 0.05% in 5 runs does not mean that a 
UFM is defective, or that its meter factor cannot be estab- 
lished with the required uncertainty. 

UFM performance verification can be ascertained by con- 
ventional means and to a level consistent with API MPMS 
Ch. 4.8, Table A-1 (shown below as Table B-1), The most con- 
servative approach to accomplishing this level of repeatability 
relies on determining an acceptable prover volume. For 


instance, turbine meters can usually be successfully proven in 
5 consecutive runs to within 0.05% span of repeatability, 
which demonstrates + 0.027% or better meter factor uncer- 
tainty at a 95% confidence level. Based on field data, UFMs 
may require a larger prover volume to achieve this same level 
of meter factor uncertainty. Table B-2 below, is derived from 
actual UFM data and illustrates typical prover volumes 
required as a function of pipe size to obtain + 0.027% meter 
factor uncertainty at a 95% confidence level. 

Given the larger prover volume that may be needed to ver- 
ify a UFM to + 0.027% uncertainty, it follows that more than 
5 proving runs may be required to verify the meter’s perfor- 
mance. Table B-! provides the guidance for obtaining these 
results, Any of the number of runs chosen from the tabulation 
below will produce results that verify meter performance to 
+ 0.027% uncertainty. There is no difference, in this regard, in 
a repeatability range of 0.05% in 5 runs vs, a range of 0.12% 
in 10 runs—they are the same. The operator is advised to 
select the appropriate number of runs, and span of repeatabil- 
ity, suitable for the prover volume available. Alternatively, the 
operator may simply increase the number of proof runs incre- 
mentally until the repeatability range falls within the limits of 
Table B-1. Experience with UFMs of several manufacturers 


“using ball provers’ shows that the required meter factor accu- 


racy is typically achieved with fewer than 10 ~ 12 runs, or 
with a prover volume 2 - 3 times larger than current industry 
standards. Larger numbers of runs may be necessary if small 
volume provers are employed. Small volume provers that cre- 
ate flow disturbances can create non-repeatable proving 
results. Care shall be exercised when selecting and using 
small volume provers. 


a(MF) = W95.2= 1) Me) 
(fay\(Din) 


where 


a(MF) = random uncertainty of the average of a set of 
meter proving runs, 
4(95,n-1) = student “f” distribution factor for 95% confi- 


dence level and n - 1 degrees of freedom (see 
Table 2 of API MPMS Ch, 13.1), 


Wn) = range of values (high minus low) in the meter 
proving set, 
” = number of meter proving runs, 


Doy = conversion factor for estimating standard devia- 


tion for data points (see Table 1 of APLAZPMS. 
Ch. 13.1). 
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Example for 10 rages. 2: ° ‘Fable B-2~Suggeeted Prover Volume For 0.027% 
195,n-1) = 2.201 Uncertainty of Meter Factor 
Way = 0.0014 (0.14%) 
ema 0.09%. 0.12%" 
Dey = 3.258 Sie Go) 
ee 
__ Table B-1—Proving an Ultrasonic Flow Meter [6 |. 4] 
[Repeatability = (High Counts — Low Cousits) / Low Counts) x 100 oe a Wa ae 
ae 


~ 


por API MPMS, Ch. 4.8, Table A-1 to achieve +/-0.027% uncer 
tainty of Meter Factor 
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APPENDIX C—MANUFACTURED FLOW PULSES AND THEIR IMPACT ON 
THE PROVING PROCESS 


Because the UFM uses an electronic sampling methodol- 
ogy to determine flowrate, the manufactured pulse train 
obtained from a UFM at any instant in time will represent 
flow (or volume throughput) that has already occurred (i.¢., 
the manufactured flow pulses lag the measured flow). In order 
to optimize the flow measurement and accommodate unique 
installation effects, some UFMs can be configured to process 
a larger or smaller number of measurement samples, and/or 
slow the responsiveness of the flow pulse output with elec- 
tronic filters, Increasing the number of measurement samples, 
or slowing the responsiveness of the pulse output will 
increase the time delay between the flow or volume repre- 
sented by the manufactured flow pulses and the current flow 
or volume passing through the meter at a particular moment 
in time. In normal operation, delay between flow pulses and 
the actual measured flow has little impact on measurement 
accuracy if the correct meter factor has been used. However, 
during the proving process, delayed flow pulses may cause 
poor run to run repeatability and/or introduce a bias error in 
the calculated meter factor. 

Poor repeatability and/or meter factor bias error can be the 
result of: 


a. Flow instability during the prover nun. 
b. Flow disturbances that occur immediately before the dis- 
placer activates either of the detector switches. 


Meter proving requires counting. flow meter pulses that 
represent the actual volume that passed between the detector 


switches of the prover. When proving a UFM, some of the 
pulses counted represent a volume that has already occurred 
before the detector switch is activated, : 

Excessive time delay between the measured flow and the 
manufactured flow pulses can make the proving process more 
sensitive to flow rate changes that occur shortly before the 
displacer passes by the detector switches. While the time lag 
between manufactured pulses and actual measured volume is 
constant, the linear velocity of, and volume displaced by the 
prover displacer as it activates each of the detector switches, 
is ‘not’ constant if the flowrate is not identical. 

To minimize any meter factor bias error, and/or to obtain 
the best possible span of repeatability results, it is important 
to ensure that: 

1. The flowrate remains constant just before the first 
detector, and throughout each prove run. 

2. The time delay between the manufactured pulses and 
the actugl measured flow is minimized in accordance with 
the manufacturers recommendations. 


“Because flow and pressure disturbances can occur with 


some prover types when the displacer is launched or the four 
way. valve is cycled, it may be necessary to de-rate the prover’s 


‘», Maximum flowrate specification to attain item 1 above. De- 


rating the prover must increase the pre-run travel time to the 
first detector sufficiently to allow all manufactured pulses Tep- 
resenting flow that occurred during the period of flow pulsa- 
tion, caused by the displacer launch disturbance, to be output 
by the UFM before the first detector switch is activated. 


